Development of a 10 newton hydrogen peroxide

monopropellant rocket thruster by Nambaraja, Kuberaraaj
i 
 
 
DEVELOPMENT OF A 10 NEWTON HYDROGEN PEROXIDE 
MONOPROPELLANT ROCKET THRUSTER 
 
 
 
 
 
 
KUBERARAAJ NAMBARAJA 
 
 
 
 
 
 
 
A project report submitted in fulfillment of the 
requirements for the award of the degree of 
Master of Engineering (Mechanical) 
 
 
 
 
 
 
 
Faculty of Mechanical Engineering 
Universiti Teknologi Malaysia 
 
 
 
 
 
 
FEBRUARY 2013 
 
 
 
 
 
 
iii 
 
 
 
 
 
 
Specially dedicated to  
 
 
 
My beloved parents 
 
 
My supervisor 
 
 
My supportive friends….. 
 
 
 
 
 
 
 
 
 
 
 
 
 
iv 
 
 
ACKNOWLEDGEMENTS 
 
 
 In the course of preparing this report, I came into contact with several 
knowledgeable people who contributed significantly towards my understanding and 
thoughts in this field. First of all, I wish to express my sincere appreciation to my 
former supervisor, Prof. Dr. Subramaniam Krishnan for his encouragement, guidance, 
comments and advices during the duration of my research. The knowledge that he 
shared is especially valuable to us who are still taking our “baby steps” in this rocket 
science field. Secondly, I would like to thank  my current supervisor, Prof Ir. Dr. Wan 
Khairuddin Wan Ali, for the advice, comment, guidance and the vital role he played 
in shaping up my research report. Without his support and interest, I wouldn’t have 
been motivated to make this report the best it could be. 
I would like to take this opportunity to acknowledge the Ministry of Science, 
Technology and Innovation (MOSTI) for the trust and funds (vote no. 04-01-06-
SF0638) provided by them which really encouraged us to start off this research. 
However it was later taken over by Universiti Teknologi Malaysia and is currently 
funded by them. 
 
 Furthermore, I would like to thank Mr. Akmal (research officer) and Mr 
Fayaddh (assistant research officer) for their help, guidance, comments and advices 
during the duration of research. Thanks to the laboratory technicians too for their help 
and advices during my research. 
  
 My fellow postgraduate students, Norazila Othman and Khafri Izuan should 
be recognized for their support. My sincere appreciation also extends to all my friends 
and others who have provided assistance on various occasions. Their views and tips 
were very useful indeed. Unfortunately, it is not possible to list all of them in this 
limited space. Finally, I am very grateful to my family members for their constant 
support and understanding. 
 
v 
 
 
 
 
ABSTRACT 
 
 
Propellant is one of the important parts in rocket development. There are 
many types of propellant such as nitrogen tetroxide and hydrazine but most of them 
are toxic in nature and can harm our health and environment. This has increased the 
renewed interest on hydrogen peroxide, also known as “green” propellant that can act 
as monopropellant or oxidizer which is ideal for spacecraft programs. This research is 
mainly about developing a rocket thruster by using hydrogen peroxide as 
monopropellant. Therefore, a 10 Newton rocket thruster has been designed and 
fabricated. However, in order to test the performance of rocket thruster, there are 
several preparations that have been done. Firstly, was the preparation of rocket grade 
hydrogen peroxide (concentration > 85%) from lower concentration of hydrogen 
peroxide. Next, was development of rocket test facility which consists of two integral 
parts; (1) static test rig and (2) data acquisition system. Measuring discharge 
coefficient of the thruster injector was also part of the preparations to ensure the mass 
flow rate of propellant. Finally, the catalyst pack was prepared where silver screens 
were used as catalyzer. The hydrogen peroxide would react with the catalyst pack and 
decompose into water and oxygen. In order to identify the optimum configuration of 
producing 10 N thrust, several parameters were taken into consideration and they are 
injector orifice diameter, nozzle throat diameter, type of hydrogen peroxide used, 
catalyst pack length, compaction pressure of catalyst pack, engine heating 
temperature and propellant injection pressure. With a total of 5 series of successful 
hot tests, the optimum configuration of producing 10 N thrust using hydrogen 
peroxide monopropellant rocket thruster had been achieved. The configuration is: iD  
= 0.601 mm, tD  = 2.236 mm, cpP  = 9.29 MPa (50 kg by strain gauge) and 2P  = 37 
bar.  
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ABSTRAK 
 
 
Propelan adalah salah satu bahagian penting dalam pembangunan roket. 
Terdapat banyak jenis propelan seperti nitrogen tetroksida dan hidrazin tetapi 
kebanyakannya adalah toksik dan boleh memudaratkan kesihatan dan alam sekitar. 
Ini telah meningkatkan semula minat terhadap hidrogen peroksida yang juga dikenali 
sebagai propelan "mesra alam" yang boleh bertindak sebagai propelan tunggal yang 
ideal ataupun pengoksida untuk kapal angkasa. Maka, kajian ini adalah tentang 
pembangunan pendorong roket dengan menggunakan hidrogen peroksida sebagai 
propelan tunggal. Oleh itu, roket pendorong 10 Newton telah direka dan difabrikasi. 
Walau bagaimanapun, bagi menguji prestasi pendorong roket, terdapat beberapa 
persediaan yang telah dijalankan. Pertama sekali adalah penyediaan hidrogen 
peroksida gred roket (kepekatan> 85%) daripada hydrogen peroksida berpekatan 
rendah. Seterusnya adalah pembangunan kemudahan ujian roket yang terdiri 
daripada dua bahagian penting iaitu; (1) rig ujian statik dan (2) sistem perolehan 
data. Mengukur pekali kadar alir penyuntik juga merupakan sebahagian daripada 
persiapan untuk memastikan perolehan kadar aliran jisim bahan dorong yang betul. 
Akhir sekali adalah penyediaan pek pemangkin di mana jaring perak digunakan 
sebagai bahan pemangkin. Hidrogen peroksida akan bertindak balas dengan pek 
pemangkin dan terhurai kepada air dan oksigen. Dalam usaha untuk mengenal pasti 
konfigurasi optimum untuk menghasilkan tujahan 10 N, beberapa pemboleh ubah 
telah diambil kira iaitu diameter penyuntik, diameter kerongkongan nozel, jenis 
hidrogen peroksida yang digunakan, panjang pek pemangkin, tekanan pemadatan 
pek pemangkin, suhu pemanasan pendorong roket dan tekanan suntikan propelan. 
Setelah 5 siri ujian pembakaran yang berjaya dijalankan, konfigurasi optimum 
menghasilkan tujahan 10 N menggunakan pendorong roket propelan tunggal 
hidrogen peroksida telah dicapai. Konfigurasinya adalah: iD  = 0.601 mm, tD  = 
2.236 mm, cpP  = 9.29 MPa (50 kg oleh tolok terikan) dan 2P  = 37 bar. 
